Mutations in the leptin gene can result in profound obesity in both rodents and humans.
(BMI: kg m −2 ). However, in patients with anorexia nervosa (AN) leptin levels are lower than in BMI-matched healthy controls. 5 We had previously argued that genes involved in weight regulation should be considered as candidate genes for AN. 6 To investigate this hypothesis we screened the coding region of the leptin gene and part of the leptin gene linked upstream region (LEGLUR) in 49 patients with AN and 315 children and adolescents with extreme obesity. Two novel mutations in the coding region (Ser-91-Ser; Glu-126-Gln), each found in a single proband, and a novel polymorphism in the LEGLUR (position −1387 G/A; frequency of both alleles approximately 0.50) were identified. Tests for association of LEGLUR polymorphism alleles were negative by comparing allele frequencies between 115 AN patients, 71 bulimia nervosa patients, 315 extremely obese children and adolescents, 141 healthy underweights and 50 controls that were not selected for body weight. Tests for transmission disequilibrium were also negative. Hence, an influence of variations in the leptin gene on eating disorders or extreme early onset obesity could not be detected.
From a theoretical viewpoint it has previously been suggested, that genes relevant in body weight regulation can also be considered as candidate genes in AN. 6 This eating disorder is often associated with longstanding underweight, especially if the body mass index at referral for inpatient treatment is below 13 kg m −2 . 7 Fasting leads to a rapid decline in circulating leptin. 8 Some individuals might be prone to a more rapid decline than others upon reduction of energy intake. 9 Conceivably, periods of reduced energy intake that characteristically mark the beginning of AN could lead to a dysregulation of leptin secretion in predisposed individuals. Hence, we hypothesized that a mutation(s) in the leptin gene including the respective upstream regulatory sequences could be involved in such a mechanism. We thus performed single strand conformation polymorphism (SSCP) 10 analysis of the coding region of the leptin gene and a part of the leptin gene linked upstream region (LEGLUR), that contains multiple putative transcription factor-binding sites 11 in 49 patients with AN.
Previously, attempts have been made to localize and identify mutations in the human leptin gene in probands with obesity. Evidence for linkage of markers flanking the leptin gene to obesity has been found in some [12] [13] [14] [15] [16] but not all studies. 17, 18 Mutation analyses revealed some rare variations in the coding region of the leptin gene that are seemingly not associated with obesity. [19] [20] [21] [22] [23] Recently, Montague et al 3 described a recessive mutation in the leptin gene resulting in congenital leptin deficiency associated with severe early onset obesity in two cousins of Pakistani origin. However, this specific mutation was not detected in 366 extremely obese children and adolescents of German origin. 24 In the light of the recent evidence 3 indicating that mutations in the leptin gene can give rise to extreme obesity of an early onset type and in the light of positive linkage findings, [12] [13] [14] [15] [16] we also screened for mutations in the coding region of the leptin gene and in part of the LEGLUR in an additional study group of 315 extremely obese children and adolescents. In a subgroup (n = 88) of these probands we had recently replicated a linkage finding 16 previously reported by Reed et al. 13 Sequencing of all PCR fragments that showed an altered SSCP migration pattern led to the identification of two novel mutations and a third mutation which had been described previously. 21 (i) One of the novel mutations changes codon 91 from TCC to TCT and does not affect the coded amino acid (Ser-91-Ser; data not shown). This variant was only found in a single patient with AN. As the mutation does not lead to an amino acid substitution, an influence of this variant on the etiology of AN is improbable. (ii) The second novel variant was found in the study group of extremely obese children and adolescents. It leads to a change in codon 126 from GAG to CAG and thus predicts a nonconservative amino acid substitution (Glu-126-Gln; Figure 1 ). The mutation was detected in an extremely obese 16- ; 66th BMI-percentile). This mutation introduces the amino acid (Gln) found in mouse leptin at the same position into human leptin, thus rendering a negative effect on leptin function rather unlikely. (iii) One mutation (GTG-ATG; Val-110-Met; data not shown), that has previously been described in a normal weight individual, 21 was found in a 12-year-old obese proband with a comparatively low BMI (22.59 kg m −2 ; 88th BMIpercentile). Again, a functional role of this allele appears unlikely. All mutation carriers were heterozygous for the respective variant.
All sequenced alleles (data not shown) were confirmed by restriction digest of PCR fragments of the respective mutation carriers (data not shown). The 126-CAG allele and the 91-TCT allele create PstI or XbaI restriction sites, respectively, and the 110-ATG allele abolishes an Eco72.1 site.
The LEGLUR region comprises sequences that are enriched for putative transcription factor binding sites. 11 By SSCP of one of these regions (Figure 2) , we identified one G to A polymorphism at position −1387 as determined by sequencing. The frequency of both alleles is approximately 0.50. The polymorphism is located two nucleotides upstream of a putative binding site for a cAMP response element-binding protein (CREB). 11 As this putative regulatory site is not altered, a direct effect of the polymorphism on leptin gene expression is rather unlikely.
However, the alleles of this polymorphism could be in linkage disequilibrium with a relevant mutation in regions further up-or downstream of the leptin gene. Accordingly, allele frequencies of this novel biallelic polymorphism were compared between 115 patients with AN, 71 patients with BN, 315 extremely obese children and adolescents, 141 healthy underweight students and 50 controls, who were not selected for body weight, in order to test for association (Table 1) . Allele frequencies of the LEGLUR polymorphism did not differ between any of the groups, all nominal Pvalues were above 0.26.
Furthermore, transmission disequilibrium of one of the alleles could not be detected in either 52 trios based on a female patient with AN and both parents (nominal P-value: 0.41; Table 2 ) or in 168 trios comprising a proband with extreme obesity and both parents (nominal P-value: 0.17; Table 2 ). Because a previous study 15 had described a significant correlation between alleles of a microsatellite marker flanking the leptin gene and BMI that was slightly more pronounced in females, we analysed females and males of the obese study group separately. We found no evidence for transmission disequilibrium in 91 trios comprising an extremely obese female proband (nominal P-value: 0.29; Table 2 ) and in 77 trios with an extremely obese male proband (nominal P-value: 0.39; Table 2 ). Hence, an influence of this polymorphism on eating disorders or extreme obesity could not be detected.
The analysis of the coding region and part of the LEGLUR in 315 extremely obese individuals including those on whom our initial positive linkage result was based, revealed three mutations, which were each detected in a single individual only, and one polymorphism, with which we were not able to demonstrate association and/or linkage. There are some explanations for our inability to explain our initial linkage finding. (i) First, because SSCP only allows detection of 80-90% of mutations in a PCR fragment, a putative mutation might have been missed. (ii) As we did not screen the whole promoter region, we might have missed a mutation in the regulatory part of the leptin gene.
(iii) We cannot exclude a mutation in an up to now undiscovered gene that is located adjacent to the leptin gene. This gene could be involved in weight regulation. (iv) Our first finding might have been spurious.
In conclusion, we cannot completely exclude the possibility that a relevant mutation in the leptin gene or its regulatory sequences exists in our study group. However, apart from our failure to detect functionally relevant mutations, we did not find association or transmission disequilibrium of a biallelic marker in the promoter region of the leptin gene in the obese study group. We would like to point out that to our knowledge this is the first report that has followed-up on a positive linkage result pertaining to the leptin gene, by screening for mutations in the coding region and the LEGLUR.
Furthermore, to our knowledge this is the first study pertaining to the leptin gene and AN. As we found no relevant mutations and no evidence for association and/or linkage of alleles in the LEGLUR to AN, we conclude that the leptin gene is not of major importance for the development of this eating disorder.
Material and methods

Study groups
Study groups and sample preparations have been described previously. 25 Briefly, blood samples were collected from 103 (three males) mostly adolescent or young adult inpatients with acute AN (DSM-IV criteria; mean BMI ± s. ; mean age: 25.37 ± 3.81 years) and 50 (12 males) normal controls, who were ascertained among laboratory technicians and students of the University of Marburg and who had not been selected for body weight. All patients with BN had the purging type, while 74% of the mostly young AN patients had the restricting type. Of the obese children and adolescents, 97.24% had an ageand gender-specific BMI percentile Ͼ95 as previously determined in a representative German population sample. 27 Among the underweight students, individuals with a lifetime occurrence of AN or BN were excluded from the analysis by screening with an updated version (kindly provided by Professor Wittchen, Munich) of the section for eating disorders of the Composite International Diagnostic Interview. 28 Additionally, 52 trios comprising a female patient with AN and both parents and 168 trios comprising an extremely obese proband and both parents were genotyped for the LEGLUR polymorphism. Written informed consent was given by all participants and in the case of minors, their parents. This study was approved by the Ethics Committee of the University of Marburg.
Molecular analysis
For the coding region (504 bp) of the leptin gene PCR was performed using previously described 21 upstream and downstream primer pairs: OB1AB 21 (247 bp, positioned in the introns flanking the second exon 11 ), OB2AB 1 21 (251 bp; reaching from intronic sequences 5Ј to the third exon to position 422 of the leptin gene . SSCP was performed in 49 adolescent patients with anorexia nervosa and 315 children and adolescents with extreme obesity. Samples were denatured and run at room temperature for 18 h at 150 V on non-denaturing polyacrylamide gels (12% acrylamide (49:1), Pharmacia, Freiburg, Germany) with 0.01% PEG 600 (Sigma, Deisenhofen, Germany) in 0.5× Tris-Borate-EDTA buffer). SSCP gels were additionally run at 4°C and 200 V with a subgroup (n = 98) of the extremely obese children and adolescents and all of the patients with AN. All gels were silver-stained. Within the coding region all PCR-fragments showing variations in the migration pattern (for example see Figure 1 ) were sequenced as described previously; 29 to identify and verify the alleles of the LEGLUR polymorphism (Figure 2 ), PCR fragments of four individuals were sequenced.
Statistics
For association studies using the described LEGLUR polymorphism alleles (−1387 G/A) we genotyped 115 patients with AN, 71 patients with BN, 315 extremely obese children and adolescents, 141 underweight students and 50 controls by SSCP (Figure 2) . The 2 -test for independence was used to investigate association. Asymptotic ( 2 ) tests for transmission disequilibrium (TDT) 30 of these alleles were performed in trios comprising a patient with AN (n = 52) or extreme obesity (n = 168) and both parents, respectively.
Note added in proof
Recently, Strobel et al 31 described a second functionally relevant missense mutation (Arg-105-Trp) in the leptin gene, which in the homozygous state led to an early onset extreme obesity in three related Turkish individuals. Because we did not identify a single carrier of this mutation in our study group, we conclude that the mutation is rare among extremely obese children and adolescents of German origin.
Recently, Mammès et al (1998) 32 independently found no evidence for association of alleles of the −1387 G/A polymorphism of the LEGLUR to BMI.
